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A Adenine  
C Cytosine  
G Guanine  
T Thymine  
P. beighei Plasmodium beighei  
P. chabaudi Plasmodium chabaudi  
P. falciparum Plasmodium falciparum  
P. vivax Plasmodium vivax  
P. yoelii Plasmodium yoelii  
ACTs artemisinin-based combination therapies  
AFLP amplified fragment length polymorphism  
AT content Adenine and Thymine content  
bp base pair  
cM centiMorgan  
day-5 day 5 post infection 5  
day-10 day 10 post infection 10  
DNA deoxyribonucleic acid  
dNTP deoxynucleotide triphosphate  
EDTA ethylenediaminetetraacetic acid  
hr hour  
IFA immunofluorescence assay  
i.p. intra-peritoneal (injection) ( ) 
i.v. intra-venous (injection) ( ) 
Kb kilobase pair  
kDa kilodalton  
L liter  
LGS Linkage Group Selection  
LOD logarithm of odds  
M Molar  
Mb megabase pair  
mg milligram  
min minute  
ml millilitre  















mm millimeter  
MR4 Malaria Research and Reference Reagent Resource 
Center 
 
MS microsatellite  
NIH National Institutes of Health (USA)  
NIAID National Institute of Allergy and Infectious Diseases  
PBS phosphate buffered saline  
PCR polymerase chain reaction  
pRBC Plasmodium-parasitized red blood cells  
QTL quantitative trait loci  
RFLP restriction fragment length polymorphism  
RMP rodent malaria parasite  
rpm revolutions per minute /  
RNA ribonucleic acid  
sec second  
SDS sodium dodecyl sulfate  
SNP single nucleotide polymorphism  
sp. species (singular) ( ) 
spp. species (plural) ( ) 
ssp. subspecies  
SSRs simple sequence repeats  
Taq thermos aquaticus DNA polymerase DNA  
µg microgram  
µl microlitre  
µM microMolar  
v/v volume for volume /  
w/v weight for volume /  
WHO World Health Organization  
˚C degree in Celsius  
% percent  
crt chloroquine resistant transporter  
dhfr dihydrofolate reductase  
dhps dihydropteroate synthetase  
ebl erythrocyte binding ligand  
mdr1 multidrug resistance gene 1 1 
mdv-1 male development gene 1 1 
nhe sodium hydrogen exchanger  
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Plasmodium yoelii is one of malaria species isolated from wild African rodents and has been 
an important model for studying malaria pathogenesis. Compared with Plasmodium falciparum 
and Plasmodium chabaudi chabaudi, however, genetic studies in P. yoelii have been limited, 
partly due to the lack of genetic markers and well characterized phenotypes. Taking advantage 
of the available genome sequence and the available parasites strains/subspecies that exhibit a 
wide variation in phenotypes, we initiated a project to develop a high-resolution microsatellite 
(MS) linkage map for P. yoelii to study malaria disease phenotypes such as virulence, drug 
resistance, and immunogenicity. 
A simple and economic MS typing method (modified from a previous reported procedure) 
was developed for genotyping P. yoelii parasites in this study and a panel of near 600 
polymorphic MS markers was identified across the genome. Analyses of ten P. yoelii 
strains/isolates showed that the markers were highly polymorphic and that the parasites 
belonged to four major groups. The MS markers are randomly distributed across all 14 physical 
chromosomes assembled from genome sequences of three rodent malaria species, although 
some variations exist in the numbers of MS expected according to chromosome size. The 
majority of the MS markers are AT-rich repeats, similar to those found in the P. falciparum 
genome. 
To construct genetic maps for studying gene(s) affecting important P. yoelii traits and for gap 
closure of the P. yoelii genome, 14 individual genetic crosses between three pairs of P. yoelii 
clones/subspecies were performed in this study. Seventy-five independent recombinant 
progeny were isolated from the crosses, and a high-resolution linkage map was constructed for 
this parasite for the first time. Genotypes of hundreds of microsatellites from the progeny 
formed 14 linkage groups corresponding to the 14 P. yoelii physical chromosomes, allowing 
assignment of sequence contigs to chromosomes. The mean map unit was estimated to be 39.7 
kb/cM, which was substantially higher than those previously reported for P. falciparum and P. 
chabaudi chabaudi, suggesting a lower recombination rate in P. yoelii.  















progeny of the 17XNL × N67 cross, and a major locus on chromosome 13 and two secondary 
loci on chromosomes 10 and 7 were significantly associated with growth-related virulent 
phenotype. Chromosome 13 and 10 loci were both linked to day-5 parasitemia, and their effects 
on parasite growth rate were independent but additive. The locus on chromosome 7 was 
associated with day-10 parasitemia. The chromosome 13 locus spans ~220 kb DNA containing 
51 predicted genes, includes P. yoelii erythrocyte binding ligand (PyEBL), in which a C741Y 
substitution in the R6 domain was implicated in the change of growth rate. Similarly, the 
chromosome 10 locus spans ~234 kb with 71 candidate genes, contains a member of the 235 
kDa rhoptry proteins (Py235) that is likely involved in merozoite attachment and invasion of red 
blood cells. Novel virulent phenotypes among the progeny were also observed. This study 
provides critical tools and information for genetic investigations of virulence and biology of 
P. yoelii. 
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